Objective: The objective of our work is to examine the presence of the much-discussed golden proportion provided by Levin, and of the golden percentage (Snow), on the widths of maxillary anterior teeth, by measurements made on digital images. Material and method: The material of this study consists of digital photographs taken of subjects with natural and esthetic teeth. We took photos of 68 subjects (35 women and 33 men), between 19 and 26 years. Using a computer program, we made the necesarry measurements, then we made the appropriate calculations of the above theories.
Introduction
Th e golden section or ratio is known as the basis for perfect beauty. It can be found in the ancient Egyptian and Greek architecture, and also in the Medieval and Renaissance art. Leonardo da Vinci, who also examined this ratio, discovered it in the human body too, and named it Divine Proportion.
Th e golden ratio is expressed numerically through an irrational number, and it is marked with the letter  (phi) ≈1.618. Two parts of the whole (a and b, a>b) are in proportion to each other according to the golden ratio, if the whole (a+b) is in proportion to the bigger part (a), as is the bigger one to the smaller part (b) [1] [2] [3] [4] [5] [6] [7] [8] .
a : b = (a + b) : a = 1.618 Lombardi (1973) was the fi rst who examined the application of the golden ratio in dentistry [9] . Levin (1978) determined that from frontal view, the apparent surfaces of the upper frontal teeth are in proportion according to the principle of the golden section: the width of the central incisor (CI) with the width of the lateral incisor (LI), and the width of the lateral incisor with the width of the canine (C) [10] . Th is theory is also supported by Shoemaker and Ricketts [11, 12] . Due to Levin's observation, the golden section was introduced into several course-books as an esthetic principle for the restoration of frontal teeth. As a consequence, this method was accepted and recommended by many other authors [13] [14] [15] [16] . Th ere are also authors who contradicted the validity of the golden ratio of the upper frontal teeth in diff erent studies. As an alternative, there are other principles for the implementation of esthetic restoration in the frontal zone: the golden percentage [24] , Recurring Esthetic Dental [19] , Preston's Proportion [17] .
According to the method of the golden percentage, recommended by Snow, after examining the teeth from a frontal view, we put in proportion the apparent width of a single tooth to the width of the six upper frontal teeth. Th is gives us the following results: C 10%, LI 15%, CI 25%, CI 25%, LI 15%, C 10% [24] .
Th is method is also mentioned by other authors by the planning of an esthetic frontal zone [25, 26] .
Materials and method
We took pictures with a Canon PowerShot A620 digital camera (7.1 MPx) of 68 subjects (33 men and 35 women) with natural esthetic teeth. Th eir ages varied between 19 and 26 years. Th e subjects were told that their participation in the survey was completely voluntary. Th e study protocol was explained and written informed consent was received from each person before clinical examination. Excluding criteria were: surgical or orthodontic treatments, periodontal treatments, prosthesis in the region of the upper teeth, dento-alveolar trauma, dentofacial deformities, or any other asymmetry in the superior arch: spacCorrespondence to: Emese Markovics E-mail: emesemarkovics@gmail.com ing, rotation, tooth inclination. Th e photo was taken with the head in the natural position, so that the bipupilar line was parallel to the fl oor, and the median was adjusted to the center of the camera lens. Patients were asked to smile when we took the photos. Th e patients held a line in front of their faces, which appears in the photos. Th e photos were downloaded to a computer, and using the program Adobe Photoshop CS5, we performed the necessary measurements. We measured the number of pixels per cm, using the "zoom" function of the program, so that we could measure the apparent mezio-distal width more accurately. For each patient we measured the width of each of the 6 crowns: from canine on the right side (r) to the one on the left side(l): Cr, LIr, CIr, CIl, LIl, Cl.
Th e null hypothesis of our work is that the golden section (Levin) and the golden percentage (Snow) are not present in most of the analyzed cases.
After obtaining the results, the calculations were performed corresponding to the aforementioned theories (golden ratio and golden percentage). Th e resulting data was analyzed with the Microsoft Excel and SPSS 16 programs. For processing the data we used the paired samples T test to analyse the diff erences in the golden number which appear between the left and right side for each subject's frontal teeth. We performed the chi squared test to examine the diff erences between the male and female group.
We studied the golden number on the scale of Preston, and the results were considered valid in the interval of 0,61-0,63 [18, 19] . Th e calculation of the golden ratio: we divided the apparent width of LI with the apparent width of the CI, and the result was multiplied with 100. If the resulting numbers were between 0.61-0.63 (61% to 63%) we considered they denote the golden section. After that, we made the same measurements in the cases of C and LI.
Th e calculation of the golden percentage: the apparent width of each tooth (CI, LI, C, on the left and right side) was divided by the apparent total width of the 6 crowns, and was multiplied by 100. If the percentages from these 6 crowns were 10%, 15%, 25%, 25%, 15%, 10% they adapt to each other according to the theory of the golden percentage.
Results
Th e golden section, based on the scale of Preston (0.61-0.63), appeared in 30.88% of the cases between the width of the lateral and central incisors, and in 11.76% of the cases between the width of the lateral incisor and canine.
In 14.7% of the cases, we found the golden section on the left side between the LI and CI. Between LI and C on the left side the golden section appeared only in 5.88% of the cases. In the case of teeth on the right side of the golden section appeared between the lateral incisors and the central incisors in 17.64% and between canines and lateral incisors in 7.35%.
Th ere was no statistical diff erence regarding the golden section between the right and the left side (p = 0.123). Also, the chi squared test showed no signifi cant diff erences between males and females (p = 0.061).
Based on our calculations, the golden section between the LI and CI on the left side in case of men was 18.18%, and in the case of women was 11.42%. In 9.09% of men and 2.85% of women, we could identify the golden section between C and LI on the left side. Th e golden section rate between LI and CI on the right side was 6.06% in men and 28.57% in women. Th e golden section rate in the case of C and LI on the right side was 3.03% in men and 11.42% in women (Table I) . Th e average proportion values were: on the right side: C/ LI = 0.76 (SD 0.105), LI/CI = 0.64 (SD 0.066) and on the left side C/LI = 0.74 (SD 0.097), LI/CI = 0.062 (SD 0.072).
Th e golden percentage examination results show an average value for central incisor of 23% for men and 24-25% for women, slightly less than the 25% proposed by Snow. Th e lateral incisor average value was 15% for men and women, which coincides with Snow's proposed value. In the case of the canine, the average was 11-12% for men and 10-11% for women, which is slightly more than the 10% proposed by the same theory (Table II) .
It seems that the widths of the central incisors are lower, and the widths of canines are slightly greater than the values indicated by Snow ( Figure 1 ).
Discussion
Th e golden section occurs in a higher proportion between the LI and CI, than between the C and the LI. We discovered it in the highest proportion in women (28.57%) between the lateral incisor and the central incisor on the right side. Fayyad noted the highest proportion (38.2%) in men between the CI and LI [21] . Murthy obtained the highest result (25%) between C and LI on the left side [22] .
Also from the calculation of average proportions of teeth groups we conclude that the proportions between the LI and CI are closer to the golden number, than those of the C and LI.
According to Mahshid, the average proportion of canine and lateral incisor is 0.84, and of the lateral incisor and central incisor is 0.67, so, in comparison with this study, they found a greater diff erence between the proportion of teeth and the golden section [20] . Th erefore these results do not prove that the golden section would be the average proportion characteristic for this group of teeth.
Th e results obtained by analysing the golden percentage diff er slightly from the values proposed by Snow [24] . Our results are consistent with the studies conducted by Fayyad [21] and Murthy [22] .
Conclusions
In the natural and esthetic dentition, the width of maxillary anterior teeth does not follow the rules of the golden section. Th us, the golden section is not a common factor in esthetic smiles.
In most of the cases, the canine is not within golden section with the lateral incisor, and the central incisor with the lateral incisor.
Our results suggest that there is no signifi cant diff erence between the width of teeth on the left and right side.
Th e values of Snow's theory of golden percentage were not fully confi rmed in this study. However, with small modifi cations, Snow's golden percentage is more valid and applicable than Levin's golden section.
Th anks to the wealth of nature, aestetics can not be constrained within mathematical limits in dentistry. It is diffi cult to standardize aesthetics, because the perception of beauty varies from person to person. Beside the pursuit of certain fundamental theories we must take into account the dental and facial characteristics of the patients, the variety of proportions of natural teeth and the individual estimation of aesthetics as well.
